The premise and all error claims by Clack et al. (1) in PNAS, about Jacobson et al.'s (2) report, are demonstrably false. We reaffirm Jacobson et al.'s conclusions.
False Premise
Clack et al.'s (1) premise that deep decarbonization studies conclude that using nuclear, carbon capture and storage (CCS), and bioenergy reduces costs relative to "other pathways," such as Jacobson et al.'s (2) 100% pathway, is false.
First Clack et al.
(1) imply that Jacobson et al.'s (2) report is an outlier for excluding nuclear and CCS. To the contrary, Jacobson et al. are in the mainstream, as grid stability studies finding low-cost up-to-100% clean, renewable solutions without nuclear or CCS are the majority (3-16).
Second, the Intergovernmental Panel on Climate Change (IPCC) (17) contradicts Clack et al.'s (1) claim that including nuclear or CCS reduces costs (7.6.1. (22); by ignoring land use they ignore bioenergy feasibility; by ignoring risk and delays, they ignore nuclear feasibility, biasing their conclusions. assumed added to existing reservoirs to increase their peak instantaneous discharge rate without increasing their annual energy consumption, a solution not previously considered. Increasing peak instantaneous discharge rate was not a "modeling mistake" but an assumption consistent with Jacobson et al.'s (2) table S2, footnote 4, and LOADMATCH, and written to Clack on February 29, 2016.
Jacobson et al. (2) only neglect the cost of additional turbines, generators, and transformers needed to increase the maximum discharge rate. Such estimated cost for a 1000-MW plant (23) plus wider penstocks is ∼$385 (325-450)/kW, or ∼14% of hydropower capital cost. When multiplied by the additional turbines and hydropower's fraction of total energy, the additional infrastructure costs ∼3% of the entire wind, water, and solar power system and thus doesn't impact Jacobson et al.'s (2) conclusions. Increasing CSP's-instead of hydropower's-peak discharge rate also works.
In 1) assert that underground thermal energy storage (UTES) can't be expanded nationally, but we disagree. UTES is a form of district heating, which is already used worldwide (e.g., 60% of Denmark); UTES is technologically mature and inexpensive; moreover, hot-water storage or heat pumps can substitute for UTES. Similarly, molten salt can substitute for phase change materials in CSP storage. (1) claim falsely that the gas, aerosol, transport, radiation-general circulation mesoscale, and ocean model (GATOR-GCMOM) "has never been adequately evaluated," despite it taking part in 11 published multimodel intercomparisons and 20 published evaluations against wind, solar, and other data; despite Zhang's (25) evaluation that GATOR-GCMOM is "the first fully-coupled online model in the history that accounts for all major feedbacks among major atmospheric processes based on first principles"; and despite hundreds of processes in it still not in any other model (26) . 
